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PACKLESS VALVE APPARATUS 

BACKGROUND OF THE INVENTION 
This invention relates to mechanism in a valve for blocking and 

permitting fluid flow through the valve and more particularly, to 

mechanism for moving a diaphragm between valve open and closed 

positions. 

In U.S. Patent No. 6,189,861 to Gotch et al, there is disclosed an air 
actuated diaphragm valve that includes radially spaced inlet and outlet 
passages opening to one side of a dome shaped diaphragm while a 
plastic button abuts against the convex center portion of the opposite 
side of diaphragm. The button is formed from a suitable plastic material 
having lubricating qualities. The lower surface of the button is slightly 
convex to match the top concave surface of the valve seat. 

Yamaji et al, U.S Patent No. 5,295,662, discloses a diaphragm valve 
having a synthetic resin diaphragm presser (button) abutting against the 
diaphragm to move it to a valve closed position abutting against a valve 
seat. The button is mounted by a disc, the valve stem being abuttable 
against the disc for moving it downwardly while the diaphragm acts to 
move the button and thereby the disc upwardly. The disc is of a larger 
diameter than the outer diameter of the valve seat. The valve seat is 
mounted in a recess defined by radial inner and outer valve body 
portions that extend to the same elevation. 

U.S. Patent No, 5,820,105 to Yamaji et al discloses a diaphragm 
presser (button) of a larger diameter than the inner diameter of the valve 
seat and is made of either synthetic resin (for example, 
tetrafluoroethylene resin, etc) or synthetic rubber. 

Problems encountered with prior art diaphragm valves include 
diaphragms failing in less cycles of operation than desirable and 
diaphragms taking an undesirable set. 

In order to provide improvements in valves of the above mentioned 
type and to overcome and/or minimize problems such as mentioned, this 
invention has been made. 
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SUMMARY OF THE INVENTION 
A valve has a valve base with a valve body threaded thereto to 
mount a dome shaped diaphragm for movement between a valve closed 
position seatable against a valve seat for blocking fluid flow between an 
inlet in the base and an outlet in the base. A plastic button is mounted 
by the valve body and abuttable against the diaphragm to move it to abut 
against the valve seat. The button has a bottom surface that has a 
concave central portion that is surrounded by a convex annular radial 
intermediate portion while the diaphragm has a radial outer portion that 
is flat to be clamped between the base and valve body. In the valve 
open position, the button central portion is abuttable against the 
diaphragm central portion. A metal insert is mounted in a button central 
recess while a plunger is abuttable against the insert and is operated by 
a suitable actuator for moving the plunger to force the insert and button 
to their valve closed positions. Advantageously, the diameter of the 
insert is larger than that of the plunger. 

One of the objects of this invention is provide new and novel 
diaphragm and button means for reducing the required axial stroke of the 
button for moving the diaphragm from its valve open position to a valve 
closed position. A further object of this invention is to provide in a 
valve, a new and novel diaphragm - button arrangement for applying the 
closing force to the diaphragm at varying radial positions as the 
diaphragm is moved to its closed position. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Figure 1 is a fragmentary longitudinal cross sectional view of the 

packless valve apparatus of this invention with the valve actuator portion 

being diagrammatically shown; 

Figure 2 is an enlarged showing of a fragmentary portion of the 

apparatus of Figure 1 with the diaphragm being shown in a valve open 

position; 

Figure 3 is a cross sectional view of the valve button; 

Figure 4 is an enlarged showing of a fragmentary portion of the 
apparatus of Figure 1 with the diaphragm being shown in a valve closed 
position; and 
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Figure 5 is a further enlarged, fragmentary cross sectional view of a 
portion of Figure 4. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
Referring to the drawings, the packless valve apparatus includes a 
base B having a bore, generally designated 10, extending axially 
therethrough with the lower part of the annular diaphragm retainer R 
being threaded to the base. The retainer forms part of the valve body, 
generally designated 18. The base has an annular rib 11 surrounding 
the base bore for abutting against the radial outer, flat annular portion 
12A of an imperforated metal dome diaphragm 12 to clamp it against the 
radial outer, annular flat portion 14A of the lower edge of the diaphragm 
retainer R. The lower terminal transverse surface of the valve body has 
the radial outer flat portion 14A that is generally planar in a plane 
perpendicular to the central axis C-C of the valve. Advantageously, the 
inner diameter of the diaphragm flat portion 12A is slightly larger than 
the inner diameter of the retainer flat portion 14A, but of an outer 
diameter to fit within the body chamber 17. The retainer has a bore 13 
extending axially therethrough. The radial inner annular edge portion 
14B of the retainer is beveled to slope radially inwardly in an axial 
direction away from the rib to allow upward flexing of the adjacent 
annular part of the diaphragm as the button T is being moved to its valve 
closed position. As a result of the shape of the bottom surface of the 
button and the diaphragm, the diaphragm can flex where it wants to and 
not at a particular location relative to the button. 

The base bore is in part defined by an annular boss 15 to provide 
the upwardly opening annular chamber 17 which opens to the diaphragm. 
A valve seat mount 18 is press fitted into the part of the base bore that 
extends through the boss 15 to in turn mount a valve seat 19 to open to 
the diaphragm and to have its radial inner horizontal flat surface 19B at 
a higher or at substantially the same elevation as the top of the rib 11 
and at a higher elevation than the top surface of the boss 15. The inner 
and outer diameters of the chamber are greater than that of the valve 
seat. Further, the bottom surface of the diaphragm portion 12B is at 
substantially the same elevation as the flat surface 19B of the valve 
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seat. The radial outer part 19A of the top surface of the valve seat is 
sloped downwardly in a radial outward direction. Thus, advantageously, 
the uppermost part of the rib, the lower surface of the diaphragm flat 
portion and the valve seat flat surface (sealing surface) 19B are 
substantially located in a transverse plane P-P that is perpendicular to 
the central axis C-C of the valve base and retainer. With high pressure 
valves, advantageously, instead of surface portion 19A being sloped, it 
would be a planar continuation of surface portion 19B, the valve seat 
would be higher to be closer to the diaphragm central portion whereby 
there is a shorter vertical stroke than for low pressure valves and there 
may be a plurality of diaphragms in overlaying relationship to one 
another. 

The valve body 18 also includes an actuator mount 22 which has its 
lower part threaded into the upper part of the retainer bore 13. A 
plunger 23 is axially movable in the actuator mount to extend into the 
retainer bore to abut against a replaceable metal insert 24 which is 
mounted in the recess 25 of a generally cylindrical plastic button T. 
Advantageously, the button may be made of a material having a high 
tensile strength such as Teflon, an example being one sold under the 
Trademark Vespel. Since the plunger is not attached to the insert, the 
plunger is axially movable relative to the insert. Desirably, the plastic is 
of a type impregnated with a Teflon compound to reduce the coefficient 
of friction as the button moves axially in the diaphragm retainer bore 
portion 41A which forms a close fit with the button. The diameter of the 
insert is greater than that of the plunger and is sufficiently great to 
distribute the force applied to the button to avoid going beyond the 
button yield point of compression during use, particularly when the 
diameter of the plunger is less than the inner diameter of the valve seat. 
Advantageously, the diameter of the insert is about the same as, or 
larger, than that of the inner diameter of the valve seat. The button is 
mounted for axial movement in the lower part 41A of the retainer bore 
which opens to the dome portion 12B of the diaphragm 12. Mounted to, 
or in, the valve body is conventional actuator mechanism 21 for 
controlling the axial movement of the plunger. The actuator mechanism 
may be a conventional solenoid, or pneumatic, or manually operated 
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valve mechanism for axially moving the plunger to, through the insert 
and button, move the central part of the diaphragm dome downwardly. 
The diaphragm is of a flexibility (memory) to resume its valve open, 
dome shape such as shown in Figure 2 when the plunger is retracted, or 
the force acting to move the plunger to its valve closed position is 
discontinued . 

The base bore includes a port 27 that opens through the valve seat 
mount and the valve seat to the radial central part of the dome portion 
12B of the diaphragm while the base has a second port 28 that opens to 
the chamber 17. The chamber 17, which surrounds the boss 15, opens 
to the dome portion of the diaphragm radially outwardly of the opening of 
the valve seat to the diaphragm. When the plunger is in its retracted 
position, such as shown in Figure 2, the central part of the diaphragm 
dome portion extends axially to a higher elevation than the part of the 
dome portion that is axially opposite the chamber 17. 

The bottom transverse surface of the button (the surface axially 
adjacent to the diaphragm) has a radial central part 30 that is curved 
about a radius 29 that is much greater than that shown in Figure 3 to be 
concavely curved. Further, to surround the central part 30, the button 
bottom surface has a convexly curved annular part 31 that is curved 
about radii 32 that emanate from a circle in a plane Y-Y that is parallel to 
plane P-P with the circle being of a diameter between that of the inner 
and outer diameters of the valve sealing surface 19B or substantially the 
same as the inner diameter of the valve seat. The radii 32 are much 
greater than that shown by the radius in Figure 3 (axial intermediate part 
of the illustrated radius being broken away) and when parallels to the 
central axis C-C, advantageously intersect the sealing surface 19B. The 
dimension 33 indicates the diameter of the transition (juncture) of the 
concave surface 30 to the convex surface 31, lines 34 indicating the 
location of the transition from the concave surface 30 to surface 31 as 
shown in cross section in a plane of the central axis C-C. The diameter 
33 of the concave surface is less than the inner diameter of the valve 
seat. 

In the plane of the central axis C-C, advantageously the radius of 
curvature 29 of the concave portion 30 is greater than the radii 32 of the 
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convex portion 31. The dimension of the radius 32 is set by the stroke 
length of the button and diaphragm and is of a dimension such that the 
corner 40 never touches the diaphragm in its closed position, nor during 
the movement of the button between its valve open and closed positions. 
Further, in a plane perpendicular to the central axis, advantageously the 
transverse radial dimension of the convex portion 31 is greater than the 
diameter of the diaphragm central portion 30 while the outer diameter of 
the concave portion is less than the inner diameter of the valve seat 
sealing surface 19B. That is, the outer diameter of the concave portion 
advantageously is about 15 to 25 percent of the diameter of the button in 
a transverse plane (perpendicular) to the central axis. 

The difference in the elevation of highest part of the concave surface 
and the lowest part of the convex surface is indicated by the axial 
dimension 37 and is in the plane X-X tangential to the convex surface 
and perpendicular to the central axis, the point of the lowest part of the 
convex surface and the lowest part of the button is being indicated by 
the intersection of the lines 44 with the button bottom surface. The 
transverse spacing of the lines 44, such as indicated by dimension line 
45, is intermediate that of the inner and outer diameters of the valve 
seat or equal to the inner diameter of the valve seat whereby the annular 
part of the diaphragm indicated by an axial extension of lines 44 abut 
against the valve seat in the valve closed position. The bottom surface 
part of the button that lines 44 intersect is the part where there is 
maximum stroke force and during the closing of the valve the diaphragm 
is bent at this part since it is the lowest part of the button at the point of 
contact of the diaphragm with the valve seat. Thus, just as the valve is 
being closed, the closing force is applied to the part referred to in the 
preceding sentence rather that at the center of the diaphragm and the 
center of the diaphragm does not have to be move as much as when the 
closing force is being applied at the center as the diaphragm contacts 
the valve seat. 

Additionally, the circle of intersection 40 of the convex surface with 
the radial outer peripheral cylindrical surface 41 of the button is at a 
higher elevation than that of the highest part of the concave surface as 
indicated by the axial dimension 39 to permit the radial outer part of the 
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dome portion to flex upwardly. Further, the intersection 40 is axially. 
higher elevation than the intersection of the concave surface with the 
convex surface. Thus, the spacing of the intersection of the cylindrical 
surface with the convex surface in a plane perpendicular to the central 
axis and tangential to the annular convex surface portion most remote 
from the juncture of the concave surface to the convex surface is axially 
greater than the maximum axial spacing of the concave surface from said 
plane, The dimension 39 together with that of the radii 32 are such that 
the button corner 40 does not contact the diaphragm during operation of 
the valve, nor in either of the valve open and closed conditions. As the 
diaphragm is pushed to its valve closed position, its radial outer part 
adjacent the intersection of diaphragm flat portion 12A and dome portion 
12B flexes downwardly as the diaphragm moves downwardly to its valve 
closed position, this flexing providing a spring force urging the 
diaphragm to move and moving to its valve open position when the 
plunger moves upwardly. 

Due to the contour of the button bottom surface, as the button moves 
down, the diaphragm bends at different radial outwardly transverse 
locations whereby the application of the closing force is not constantly 
being applied to the center of the diaphragm and the points of stress 
concentration of downward axial closing forces applied to the diaphragm 
vary. The diaphragm, in moving to its closed position, the application of 
force from the button is initially from the portion 30 to the central part of 
the diaphragm, but then progresses to portion 31 to the annular part of 
the diaphragm that contacts the valve seat sealing flat surface. The 
central part of the diaphragm can become curved to be more remotely 
spaced from the transverse center of the button. Also, the outer radial 
portion of the dome of the diaphragm bends a little (flexes) in the 
direction of the movement of the button, i.e. flexes downwardly. Thus, 
the stress resulting from the diaphragm being flexed from its open 
position, is not concentrated at the center of the diaphragm, but rather 
moves radially outwardly. 

The maximum stroke of axial movement of plunger required for 
operating the valve is that which is needed to move the diaphragm from 
the valve open position wherein the transverse center of the diaphragm 
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is at its maximum spacing from the plane of valve seat sealing surface to 
that wherein an annular part of the diaphragm is in sealing engagement 
with the sealing surface 19B of the valve seat. The last mentioned 
annular part of the diaphragm is that which is axially and radially 
adjacent to the valve seat, said part being that which is the lowermost 
part of the convex surface in the valve open position. As a result of the 
curvature of the button bottom surface and the transverse dimensions of 
the bottom surface relative to the dimensions of the valve seat flat 
surface and the inner and outer diameters of the chamber 17, the 
distance the center of the diaphragm has to move (stroke) from the valve 
open position to the closed position for a given flow rate is substantially 
less than that required with conventional valves, including those of 
diaphragms that are flat throughout their transverse dimension. The 
length of stroke required to control flow is related to diaphragm stress 
and thus to the life of the diaphragm. The reduction in the length of 
stroke of the button results in less fatiguing of the diaphragm and 
accordingly, longer life, which is an important feature. That is, by using 
the button that strokes the portion of the diaphragm which is going to 
contact the valve seat, you obtain a longer life for any flow rate, the 
center of the diaphragm not having to move as far as with other shaped 
buttons and diaphragm. Further, with the contour of the button bottom 
surface, there is a greater flow area in the valve open position than there 
would be if a flat diaphragm of the same diameter were used. 

In comparing conventional valves with the valve of this invention that 
both have the same flow range and the same diaphragm diameters, a 
longer diaphragm life is obtained using button T as a result of spreading 
the stress out and stroking the point of contact with the diaphragm 
whereas with a conventional valve with a curved button or a curved 
button with a flat surface, the force applied to move the diaphragm is at 
its center and the stress is being concentrated as bending takes place at 
the corners of the button that forces the diaphragm down. 

When the valve is open, fluid may flow from pressurized source 47, 
through port 27 to chamber 17 and through port 28 to the unit 48 or 
alternately, from source 48 to unit 47. The source may be one of 
pressurized fluid, or may be one for applying a vacuum. With reference 
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to applying a vacuum, it is noted the diaphragm stays in its open position 
until the plunger is extended, the application of a vacuum not pulling the 
diaphragm to its valve closed position regardless of which port the 
vacuum is applied to due to the dome construction of the diaphragm. It 
is to be noted that due to the fact that as the diaphragm moves to its 
closed position, the area of the diaphragm to which the application of 
force from the button is applied, varies in a transverse radial outward 
direction, any tendency for the diaphragm being permanently deformed is 
minimized. Accordingly, the application of a vacuum to either of the 
ports is substantially less likely to force the diaphragm to move from its 
open to its closed position than when a button of a construction such as 
disclosed herein is used. Additionally, in stroking the diaphragm with 
the button T, there may be obtained a higher flow valve with a diaphragm 
of a smaller area whereby the vacuum is applied to a smaller area. 

When the actuator is operated to an off position by manually 
operating a manual actuator; or deenergizing a solenoid if a solenoid 
actuator; or the discontinuing of the application of air pressure if a 
pneumatically operated actuator, for operating the valve to its valve 
closed position, for a normally closed actuator, there is provided a spring 
(not shown) which may or may not be part of the actuator for, directly or 
indirectly through the actuator or part of the actuator , move the plunger 
up while the resiliency of the diaphragm dome portion moves the button 
to its valve open position of Figures 1 and 2. 



